morbidity rates. 1, 5, 10 Fetal gastroschisis is also associated with high incidences of preterm birth and small-for-gestational-age fetuses, which are contributing risk factors to poorer neonatal outcomes. 3, 5 Severe bowel matting and poor gastroschisis prognostic scores 11 have been associated with preterm birth and spontaneous vaginal delivery. 12 Regarding the mode of delivery in pregnancies with gastroschisis, several studies have failed to demonstrate an association between vaginal or cesarean delivery and neonatal outcomes. 6, [13] [14] [15] Therefore, the mode of delivery does not seem to influence the neonatal outcome.
A recent retrospective cohort study stratified the deliveries of pregnancies with fetal gastroschisis by the mode of delivery and onset of labor. 11 Lower rates of primary closure, longer hospital stays and prolonged periods of parenteral nutrition were observed in cases with spontaneous labor onset (SLO) regardless of the route of delivery. 16 Furthermore, a recent population database analysis found a higher prevalence of malabsorption, NEC and small bowel resection among preterm gastroschisis newborns. 17 The findings of these studies suggest that labor onset might be related to intrauterine bowel injury. 16, 17 Hence, confirming this finding is pivotal.
The present study aimed to evaluate the association of preterm and term SLO with CG and with neonatal outcome. Our secondary goal was to investigate the association between SLO and ultrasound (US) markers.
| MATERIAL AND ME THODS
This study was a retrospective cohort study involving singleton pregnancies with isolated fetal gastroschisis that were followed at our referral center for fetal medicine (Hospital das Clínicas, São
Paulo University Medical School, São Paulo, Brazil) between 2005 and 2017.
A database search was performed to identify all pregnancies with gastroschisis fetuses delivered in our hospital for which the abnormality was confirmed at birth. Cases of fetal death, extensive fetal abdominal wall defects with liver herniation, associated major malformations and multiple pregnancies were not included in the study.
Pregnant women with gastroschisis fetuses referred to our center were followed by a specific protocol as previously described. (inner-to-inner wall) of the most dilated extra-and intra-abdominal bowel loops were recorded, and bladder and gastric herniation were described on each US scan. 18 Stomach herniation was defined as the exteriorization of the major part of the stomach through the abdominal wall defect. Bladder herniation was defined as a finding of exteriorization of a previous normally placed urinary bladder. Fetal distress was defined as a fetal biophysical profile ≤6.
Labor was considered if regular uterine contractions were more frequent than every 5 minutes with evidence of a change in cervical dilation or cervical effacement. Labor onset at GA <37 weeks was defined as preterm labor. Indicated deliveries included all cases of elective cesarean section at the 37th week of gestation and cases of preterm delivery due to fetal distress without SLO.
The neonatal outcomes considered were the mortality rate, CG and morbidity parameters, which included staged surgical closure of the abdominal wall defect, time to full enteral feeding, time on mechanical ventilation, length of hospital stays, NEC, neonatal sepsis, cholestasis and SBS. 
| Statistical analyses

| Ethical approval
The study was approved by the ethics committee of the Hospital das Clínicas FMUSP, Sao Paulo, Brazil (CAAE 79617417.7.0000.0068, December 11, 2017).
| RE SULTS
During the study period, 249 completed pregnancies of women with fetal gastroschisis were assessed in our Fetal Medicine Unit. Thirtyone cases underwent deliveries in other hospitals, five cases had associated major fetal anomalies, one case was a twin pregnancy, and there were five intrauterine deaths. The remaining 207 patients with isolated fetal gastroschisis fulfilled the inclusion criteria for this study.
The population demographic characteristics and pregnancy, delivery and neonatal information are presented in vs 6.8%, P = 0.002) but not term deliveries (0 vs 9.2%, P = 0.588). A longer time on mechanical ventilation was observed in both preterm (P = 0.023) and term (P = 0.002) deliveries with SLO than in the intervened deliveries. All cases of SBS occurred in fetuses with SLO who delivered prematurely (P = 0.013). Similarly, the mortality and NEC rates were twice as high in preterm birth with SLO, although these differences were not statistically significant. On the other hand, no neonatal death or CG occurred among the fetuses that had SLO at term.
No significant association was evident between the US markers and labor onset (Table 4) . However, stomach and bladder herniations were more frequent among the intervened preterm deliveries. 
| D ISCUSS I ON
The present study demonstrates an association of preterm SLO with CG and neonatal morbidities in pregnancies with fetal gastroschisis. In term pregnancies, SLO was associated only with longer time on mechanical ventilation. However, no significant association was identified between SLO and the US markers, although all cases with intra-abdominal bowel dilation were delivered preterm.
The findings of the present study, in which SLO in preterm pregnancies with fetal gastroschisis appears to be associated with CG and SBS, suggest that an underlying bowel injury might be involved in the activation of labor onset. Recent studies have also shown a correlation between preterm delivery and bowel injury, a worse neonatal outcome and higher rates of malabsorption. 17, 19, 20 Moore et al. 21 reported a decrease in intestinal peel in fetuses with gastroschisis delivered by preterm and pre-labor cesarean section.
Additionally, elective preterm delivery was associated with a trend in shortened length of hospital stay and time to full enteral feeding in newborns with gastroschisis compared with those delivered by spontaneous labor. 22, 23 Therefore, the relation between SLO and a worse neonatal prognosis must be considered in pregnancies with fetal gastroschisis and premature delivery. Yang et al 16 stratified the deliveries of fetuses with gastroschisis according to the mode of delivery and the presence of spontaneous labor. The authors reported that labor onset was independently related to longer hospital stays, suggesting that labor onset could be a manifestation of progressive fetal distress and/or bowel injury. 16 Our findings support these observations, further
highlighting that the route of delivery may not be a factor because the majority of our patients underwent cesarean sections; instead, the presence of SLO influences the outcome. In addition, spontaneous preterm labor is a common complication of pregnancies with fetal gastroschisis and according to our results, it is implicated in an increased risk of having an underlying CG. Therefore, Stomach herniation (N = 32) 6/76 (7.9) 9/44 (2. the decision whether to inhibit threatened premature labor for antenatal corticosteroid therapy should take into account the possibility of an ongoing bowel injury.
Indeed, CG and SBS were the most relevant complications associated with SLO. However, the time on mechanical ventilation was significantly longer in the groups with SLO in both preterm and term deliveries than in the deliveries with interventions. All SBS complications and NEC occurred in the preterm births, as all SBS and the majority of NEC cases were in the SLO group. Nonetheless, SBS
and NEC are associated with CG 10 and NEC is a complication that is highly associated with premature deliveries. 24 Our findings support the hypothesis of bowel injury as a possible trigger of premature labor onset because approximately 80% of the CG cases delivered at preterm gestation and 90% of these had SLO.
Moreover, CG newborns and non-CG newborns had similar rates of fetal distress, which may underscore the role of bowel injury despite fetal distress. Furthermore, all cases of SBS were found in the group of newborns that delivered preterm after SLO, and they had mortality and NEC rates that were twice as high as the indicated deliveries, although this difference was not statistically significant. In addition, our finding of a higher prevalence of meconium-stained amniotic fluid in cases of preterm delivery was consistent with current data 25 and further supported the involvement of meconium and intestinal waste products in bowel injury. 26, 27 Interestingly, regarding the US markers, although all cases of intra-abdominal bowel dilation were delivered preterm, no association with SLO was observed. Nevertheless, our findings suggest a trend of prematurity due to fetal distress in fetuses with stomach and bladder herniations. Accordingly, Andrade et al demonstrated that stomach herniation was associated with abnormal fetal heart rate parameters determined via computerized cardiotocography. 28 However, bladder herniation is a rare event that seems to be related to fetal distress in our study population.
Mousty et al 29 also suggested that fetuses with gastroschisis and bladder herniation should be monitored due to the increased frequency of fetal distress.
The strengths of our study include the large sample size and the identification of the association between preterm SLO and CG.
Although the cases were collected over 12 years, the diagnostic criteria for CG 8, 9 remained the same throughout the cohort period, and they are based on the observation of bowel injury at birth, which 
| CON CLUS ION
Preterm SLO was associated with CG and worse neonatal outcomes in our cohort. NEC and mortality seem to be higher in premature newborns with gastroschisis and SLO. Bowel injury is a plausible mechanism of prematurity in fetal gastroschisis. Further studies are needed to confirm the absence of an association between US markers and premature SLO. Our findings need to be examined by a prospective multicentric study with a more robust number of newborns with CG. Such a design would allow for the analysis of the impact of delivery mode and might be able to minimize assessment bias and confounding results.
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